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ABSTRACT 

The requirements defined for Next Generation Reusable Launch Vehicles (RLVs) target 
aggressive cost reductions and improved safety goals. Several next generation launch vehicle concepts 
are being designed with Rocket Based Combined Cycle propulsion systems. High conductivity, high 
temperature materials have been identified as a major requirement via a joint industry/government activity 
for defining critical issues for achievement of the vehicle goals. SC/RAMjet engines will need large 
actively cooled panels especially in the combustor section. GRCop-84 is a new copper base alloy with 
an excellent combination of strength and conductivity and has been developed to the point that it is a 
strong candidate for near-term rocket engine applications. The purpose of the present work is to 
establish feasibility of new alloys with capability beyond GRCop-84. The use of coatings as 
environmental and thermal barriers adds further capability onto the Cu-base structures. Finally, NiAl 
based systems have also been explored to achieve further performance gains. 

INTRODUCTION 

The very challenging cost and safety goals established for next generation RLV’s have been 
addressed by several joint industry/government workshops. The workshops have identified several next 
generation launch vehicle concepts including Turbine Based (TBCC) and Rocket Based (RBCC) 
combined cycle propulsion systems. These designs require new high conductivity, high temperature 
materials for rocket and SC/RAM jet engines to meet design and performance goals. Prominent among 
these technologies is the need for high conductivity, high temperature materials for use in several high 
heat flux applications. Combustion chambers, nozzle ramps, large actively cooled panels and heat 
exchangers, and leading edges can all benefit from the improved material properties. 

Copper-base alloys such as NARloy-Z, Glidcop and AMZIRC have previously been used in these 
applications but limit performance to lower than desired operating temperatures and lives. A new series 
of alloys based on Cu-Cr-Nb is under development that possesses the potential for dramatically 
improving the performance of propulsion systems for advanced aerospace vehicles. GRCop-84 is the 
first alloy in this series and has been developed to a technology readiness level that allows application in 
near-term engine applications. The purpose of this paper is to review the development and properties of 
these new alloys and describe the potential for further improvements beyond GRCop-84. The 
mechanical properties of the new alloys offer up to 300°F improvement in temperature capability over the 
existing alloys. Even further improvements can be achieved by including environmental barrier and 
thermal barrier coatings on the copper alloys. 

Further improvements beyond the capability of copper were also explored. Nickel aluminide 
(NiAl) has an excellent combination of high temperature strength and thermal conductivity, combined with 
low density and excellent resistance to environmental attack. However, it is prone to brittle fracture at low 
temperatures. A bimetallic concept where an inner layer of NiAl is encased by an outer layer of either a 
nickel-base superalloy or a copper alloy was investigated as a means to provides both thermal and 
structural performance. 
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COPPER ALLOY DEVELOPMENT 


NASA GRC has undertaken the development of a series of Cu-Cr-Nb alloys and derivatives over 
the past sixteen years. The alloys have a nearly pure copper matrix strengthened by Cr 2 Nb precipitates. 
The alloy system has demonstrated high thermal conductivity, tensile strength, creep life and low cycle 
fatigue (LCF) life in both the as-produced condition and following simulated high temperature braze 
cycles. GRCop-84 is the most mature member of the emerging alloys under development. This 
material’s manufacturing begins as a pre-alloyed atomized powder and follows conventional powder 
metallurgy processing. The powder is canned and can be either Hot Isostatic Pressed (HIPed) or 
extruded. After HIPing, parts can be directly machined or further processed. Similarly, the canned 
powder can be hot extruded into billets or rod. Large extruded billet sections can be rolled into plate and 
sheet by a combination of warm and cold rolling. GRCop-84 properties have been well characterized (1). 
The alloy has been commercially produced in large quantities (800 to 1000 lbs batches) demonstrating 
manufacturing capability. Suitable manufacturing procedures have been developed and are being 
optimized. Forming, friction stir welding and other joining techniques are also under development. 
Manufacturing capabilities are already in place or can be extended to meet desired final size or shape. 
GRCop-84 is under consideration for use in several current and recent rocket engine programs such as 
the RS-83 and RS-84 (Rocketdyne), COBRA (Aerojet) and RL-60 (P&W). 

New alloys in the GRCop system include GRCop-42, a variation of GRCop-84 with a lower 
volume fraction of Cr 2 Nb. This alloy is intended to achieve reasonable mechanical properties, slightly 
lower than that provided by GRCop-84, but has a higher thermal conductivity. The alloy would be favored 
in an application where thermal conductivity is the most critical factor. GRCop-84 + Ag is another 
variation of GRCop-84 with silver added to enhance creep lives and possibly thermal conductivity. The 
processing of these alloys is identical to GRCop-84. Typical chemical compositions are presented in 
Table 1 for each alloy. AMZIRC, NARloy-Z and Glidcop have also been included for comparison where 
data from either NASA tests or the literature is available. 

Table 1. Chemical Composition (wt %) of Copper Alloys used in Rocket Applications 


Alloy 

Cr 

Nb 

Ag 

Zr 

Em 


Cu 

GRCop-84 

6.5 

5.5 





Bal. 

GRCop-42 

3.8 

3.6 





Bal. 

GRCop-84 + 1 Ag 

6.5 

5.9 

0.9 




Bal. 

GRCop-84 + 5 Ag 

6.2 

5.0 





Bal. 

NARloy-Z 



3.0 

0.5 



Bal. 

Glidcop Al 15 (Cl 571 5) 





0.15 

0.17 

Bal 

Glidcop Al 60 (Cl 5760) 





0.60 

0.57 

Bal 

AMZIRC (Cl 5000) 




0.15 




Bal. 

Copper (Cl 01 00) 







99.99 min. 


(1)Ai present as Al 2 0 3 


A typical microstructure for extruded GRCop-84 is shown in Figure 1 . The structure consists of a 
nearly pure copper matrix strengthened by Cr 2 Nb precipitates. Typical average grain size is 8 jjm , and 
particle size of the Cr 2 Nb precipitates range from 0.1 to 0.3 /vm. The performance of this alloy is in large 
part directly related to the microstructure. The grain size is intentionally made small by the powder 
processing and remains relatively unchanged even after long exposures to elevated temperatures due to 
the grain boundaries being pinned by the Cr 2 Nb precipitates. The Cr 2 Nb precipitates themselves remain 
small due to their limited solubility and diffusivity in copper. The other GRCop alloys function similarly. 


















































a combustion chamber liner and may promote better coating adherence and minimize GTE 
\/ith components such as steel jackets when assembled into a thrust cell. 
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*ld strength as a function of temperature are presented in Figure 3; the ultimate tensile strei 
ilar trends and is not shown. In the as-produced condition, GRCop-84 has improved strenc 
/-Z at all temperatures, as does GRCop-42. The 1% and 5% silver additions in GRCop-84 
trength at temperatures less than 500°C, but at higher temperatures the tensile strengths a 
to GRCop-84 or even slightly lower, AMZiRC in the cold worked condition has very high 
temperatures less than 500 °C, but above this temperature the loss of strength is rapid as t 
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F limited data is available for tensile strengths following a simulated braze cycle. Figure 4 
RCop-84 to NARloy-Z following a simulated braze cycle at 935°C (1725°F) for 15 minutes 
leating and cooling rate. Even after a post braze cycle aging step, the NARloy-Z still loses 
iy half of its tensile strength. In comparison, the GRCop-84 loses only a minimal amount o 
icaltv 20-35 MPa (3-5 ksi). The loss in strength is related to the differences in microstructu 
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when the sulfur content in the fuel exceeds 5 ppm [6]. Preliminary studies have shown that GRCop-84 is 
prone to sulfur attack at 600°C in a rig burning JP-8 fuel containing approximately 1700 ppm sulfur. The 

















each spraying operation to provide complete densification of the layers. 







le bimeiautc xuoes neta u| 
ayer. Additional testing ol 
highest possible flow rates in the QARE facility to achieve a faster heating rate; After these tests the 
tubes will be examined and sectioned to check for damage on a macroscopic and microscopic level. If 
the tubes pass these tests, the next step would be a higher fidelity test in a high pressure combustion 
facility [9]. 
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